The detected BSSs are substantially more concentrated towards the cluster centre than "normal" cluster stars, either along the subgiant branch or the horizontal branch (Fig. 2a ). According to a Kolmogorov-Smirnov test, the probability that the BSSs and the subgiant-or horizontal-branch stars are drawn from the same distribution is only ~10 -3 (that is, they differ at a significance level of more than 4). This result confirms that BSSs are more massive 2 than the majority of the cluster stars and that mass segregation has been active in this cluster. Moreover, when we consider the distribution of the two BSS subpopulations separately, we find that the red BSSs are more centrally segregated than the blue BSSs. Indeed, no red BSSs are observed at an angular distance of r>30 arcsec (corresponding to ~ 1.3 pc; see Supplementary Table 1 ) from the cluster centre (see Fig. 2a ). Even though in this case the level of significance (1.5) is marginal because of the small number of objects, this evidence is suggestive of different formation histories for BSSs belonging to the two sequences. Furthermore, whereas the radial distribution of BSSs in many clusters is found to be bimodal 7 (with a dominant peak at the centre, a dip at intermediate radii and a rising branch in the outer regions), in 3 the case of M 30 there is no evidence of an increase at large distances from the centre: more than 80% of the entire BSS population is confined within the inner 100 arcsec (~4.2 pc), and the radial distribution then stays nearly constant for greater radii. This suggests that dynamical friction has already affected a large portion of the cluster, so that almost the entire population of BSS has sunk into the centre 8 .
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There is further evidence that M 30 is a highly evolved cluster from a dynamical point of view. The density profile has a steep power-law cusp in the central 5-6 arcsec (~0.2 pc, Fig. 3 (Fig. 2b) . So far, this is the highest value ever measured for the BSS specific frequency in any globular cluster, and it further supports the possibility that in M 30 we are observing the effect of an enhanced gravitational interaction activity on single and binary stars.
To investigate this possibility, we have compared the observations with the predictions of evolutionary models of BSSs formed by direct collisions between two main-sequence stars 13 Table 1 ). Hence, we conjecture that 1-2 Gyr ago some dynamical process (possibly core collapse) produced the BSS population that is now observable along the blue BSS sequence. The origin of the red BSSs should be different, as this sequence is too red to be properly reproduced by collisional isochrones corresponding to any age. Figure 4 also shows the location in the CMD of single-star isochrones 15 computed for a metallicity Z = 2x10 -4 and shifted by the distance modulus and reddening of M 30 16 . The 13 Gyr single-star isochrone fits the main cluster evolutionary sequences quite well, whereas the BSS sequences are significantly offset with respect to the 0.5 Gyr single-star isochrone, which can be adopted as the cluster ZAMS. Of particular note is the fact that the red BSS sequence is ~0.75 mag brighter than the reference ZAMS. According to the results of recent binaryevolution models 17 , during the mass-transfer phase (which can last several gigayears, that is, a significant fraction of the binary evolution timescale), a population of binary systems defines a low-luminosity boundary ~0.75 mag above the ZAMS in the BSS region (see fig. 5 of ref. 17) . Hence, the BSSs that we observe along the red BSS sequence could be binary systems still experiencing an active phase of mass-exchange.
As result of normal stellar evolution, in a few gigayears both collisional and masstransfer products will populate the region between the two sequences. The fact that we currently see two well-separated sequences supports the hypothesis that both the blue and the red BSS sequences were generated by a recent and short-lived event, instead of a continuous formation process. A picture in which the two BSS sequences were 5 generated by the same dynamical event is therefore emerging. As suggested by the shape of the density profile and by the location of the blue BSSs in the CMD, 1-2 Gyr ago M 30 may have undergone core collapse. This is known to increase the gravitational interaction rate significantly and it may therefore have boosted the formation of BSSs:
the blue BSSs arise from direct stellar collisions, while the red BSSs are the result of the evolution of binary systems which first sank into the cluster centre because of the dynamical friction (or they were already present into the cluster core), and were then brought into the mass-transfer regime by hardening processes induced by gravitational interactions during core collapse. The detected double BSS sequence could be the signature imprinted onto a stellar population by core collapse, with the red BSS sequence being the outcome of the "binary-burning" process expected to occur in the cluster core during the late stages of the collapse 18, 19 . The proposed picture leads to a testable observational prediction: the red BSS sequence should be populated by binaries with short orbital periods.
A recent paper 5 suggested that the dominant BSS formation channel is the evolution of binary systems, independent of the dynamical state of the parent cluster.
Our discovery shows that binary evolution alone does not paint a complete picture: . This value is significantly lower (corresponding to greater brightness) than that listed in currently adopted cluster catalogues 27 , but fully consistent with that obtained in most recent studies 28 . Following the procedure described in the literature 29 and adopting a distance of 8.75 kpc and a reddening E(B-V) = 0.03 16 , we derived   9.6 x 10 4 L  pc -3 for the luminosity density within the density cusp (that is, for r < 5 arcsec; L  , solar luminosity).
Under the assumption of a mass-to-light ratio of three and a mean stellar mass of 0.5 M  , this corresponds to a number density of stars n  5.8 x 10 5 pc -3 (   Supplementary Table 1 ; M  solar mass ).
Both profiles were computed with respect to the newly determined cluster centre of gravity (Supplementary Table 1 
